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Flap for Naca 64−418
 
 
β = 0 deg
β = +5 deg
β = −5 deg
	+ $,# " 	 
   
 	 ±5◦   














   	 






    






    
   * 





  	 		  	  +   	  
 A*
300,B ;,@<"  		 &	 








 	   
 		 
	 	 	  
 
 	 	 
 
  
 	"  !




Ai @,>B0 @@>10I @/I//
bi @B@@@ @@,B,1 @,/I@
 $, ;
 	  	
 

 	  $%"% &''() 	 	 
 3
  
  	  	   9(+:
9	  			 








	    	  

 ! 	 






 0◦ + 00   











	 16◦   %


















      	





 %   
       
	
  
   * 
 
 	 + 01    
   













 + 03  
   
	  
 
    
A    
  
 	










 	  
	
   ( % %

  
















   1
 
 	 
	    
 		 	
 !












! 		 ( 	 
 		  
	  

  @ , 
	 ,3
 !
 !	  ±5◦ 




 ! + 0>   
   
	 %	   
%   
	  * 	 
   
 





  	  	 &	" 	 
 % 
 
	  *  
     
 	
 
 	   
  
	 	  %   
  	 







  	  
 	 + 0I 





   
	  
  	  
	  
 	 %  *   






   
	   
	 %    * 
	  
   
 
? 
'  		 
	  
  + 0,@
  	
 	










































	+ $,$ 6  
 	 
 	
  "8-  	  $%"% &'
'() 	  
 
  %
     	 
!













































	+ $," 6  
 	 
 	
  "8-  	  $%"% &'
'() 	  
 
       	 
! 12◦ 8 












































	+ $,% 6  
 	 
 	
  "8-  	  $%"% &'
'() 	  
 
       	 
! 16◦ 8 












































	+ $, 6  
 	 
 	
  "8-  	  $%"% &'
'() 	  
  
2 "8-     7= 
9*: %
    	 
! 0◦ 8  % <8  "8-   Cl 
 "', 
  Cd ',2 	  Cm   % <8  
 "', 
  "8- ',2       








































	+ $,  6  
 	 
 	
  7= 9*: "8-  	
 $%"% &''() 	  
  
     	 
! 12◦













































	+ $, 6  
 	 
 	
  7= 9*: "8-  	
 $%"% &''() 	  
  
     	 
! 16◦











































	+ $, 6  
 	 
 	
  7= 9*: "8-  	
 $%"% &''() 	  
  





























      




	 % 	 5
	




























	      
% 
%  	
    
 %     	  
 

	  ! 

	
     
 %	 	




  	   
 	 









	   
  %   
	 	







  % 
	        
     % % (
		  
 ;1< 	 








  	" 
	  















	 	 	  
	 !





  %	  
	
 &	 
	      







 ! 		 8	 







	      
   









    

 












;,<  %	 L $





















 0 !1# ,/D/E4,3>O,I @,@




  2! BD,E411O>, ,IB0
;0< L 5 $
	 


































 .  DFE @@0




















  .H A
	   (





















	 ) . 7
    			 	 5*! 
  !* $ 1D,@E4/>IO/I@ ,I/B
;I< .   L	   	
   
























	  +	 	 
 




	 $*7 ! *77  0 !1#  @,,












	   !    $%(5*!  $! !1#
1!1 ,>D0E41@/O1,3 @@1
;,< L L	 
	 7 #+ ) 2
 
	 5 7 +		  
 12) 


































	   # 
  




  	  	 	 
  
	    	 	 
	   	





	      
8	  + 	   
	










  %  
	





 	 %    
 	 

 	   		 	 
#$






	    	  %   




 %   	  
	
 
- 	   
 





  	 	 
	 	  	 
4
! )
 ∂Cl/∂α  % %

8	 
 	   
  
	 ∂Cl/∂α   	  	














   Clinl  f
st < 1 % 			
 	 β
8	 
  β 	%	 

 	 	 	   ∂Cl/∂β D	
 	%	E
% 
    ∂Cl/∂α|β  




	   !
 !	 β   Cattl &	  	 

	




	   !
 !	 	 
      			
  	%     		 	









    	  C)	  ;><
!  ∂Cl/∂α 










% 50%   
' 




 	 	  ()*     
	  

% 		   
	





  	 	 	 #/
 
     >
 	 % <8 





  $23# ( 1    4- #1
)    $23# ( 	  ( , 	   % <8 
 (
  ,	 (1
/I
! Cfsl  C
att
l 
 f = 1  f = 0
8	 
 		 	  

 ! f = 1   Cfsl  	 	%	






 A   	 
 	 	











   
 Cfsl 
  	
 	  f
st = 1 	 

		
8	  	 	 
  

 		 f st = 1  
  Cfsl

   
  Cstl  	  





  	   	  
	
   %
	 
  	 
 % 	 ;><
8	  	 	  
 		 	  
 	 

 Cfsl  
 0.5Cstl  





  Cattl 	  

 		 f





f st = 0







  %   
	   
   !

!	 	  





















   	 	
       
 
  
      




	  	   	



















































 	    αqs 	%	
8	  
 




    &	 


  	 




	     	  










   















8	  	     	
 












	 		   %
	  









 !	  	 
% ,
8*6 α4 β4




























	  	 

		 			   
   
	 ∂Cl/∂α 8	  	 





























 α   
	 	 















	 	  

	 		E  	 
	   	 %

	  * 




	      !








8	  	 	  
   !




	  	  
 	 

   
 &	  






 !	 8	  	
	     

&	 
 	 		   
	  

 "  
    !
 	 






















 	  			
 	   
 &	





8	  	 
	  	%	   

	 		 f   	

       fdyn 




 ;1<  fCL,    % % 
	 feff 	 %
 	

     








 	 	 






	 %  	  fCl   feff 

	 
	  	 
 





   
 

  	 
 ?+
	  	   	
  	
 




















	+  ,  	 Cl 	 




   
   	
 f 















8	  	  		


















 %  5%  

 	%	   	   k = 1.5" 
 	
	  





  &  





   
	 




 	  

 




	=   
	
    	
 	




	     
- !  !

.
8	   	 
   %  ()*  
 





   + 	 αst   
	
  
 	  	
	  
	  














  !  
 U0   
	
   
 	 
   	 

 
	    	   	  











  ()*  	   
	
  	 %
      	   














     	   




	  αqs   
   
 		 	 
	  α˙   	
)  		 	  	 	 
 
 	% 
 	  
	
      







  	 	  
	'  #
   ;,/< 	   
	
 !  	 	 5
	

 ;<     	 
 





	   ()* 	
	    
 
  
	   





























	    	 %  		 	
   
 = −1 
  
	  




  	   		 	 α˙2  
 	 
  	%	 
	 		+
	   	   k = 0.5  % 	 

























d,ind 	   '	 
  

  	 
()* 	
	    
   D/1E 	  
  
  
 !  
  





 	     
	
 '  






















 !  ;< 
  	




 ' 	 % 		




   
 	  
 	 ;B<
8	 	











β, α˙, β˙, α¨, β¨
)
. D#/E
8	  	 
	  D/BE  









     D/IE  	  
	
   












    Cqsm 	 α 
	 β 	  
 	%	   	
 




  	 
  
  	  = −0.5 

M1/4 = Mea − Lbhc (ea + 0.5) , D#0E










'   	 	 	E 





	  		 	
		    










hcU0 (0.5 + ea) · w, D#1E
Lw = 2πρbhcU0 · w. D#3E
# %	  D#1E 





Mw1/4 = 0. D#>E
  	 
 	 		 	        	 

  
	    

   

 
 	  
   
8	  D/IE  
 !
 !	 βst     
	
	 		 
    
  !














 	 		 	  





' ea 8	 
 % '
		  		
  	 α˙ 
	 β˙  
D#0E  
M α˙1/4 = −πb3hcρU0(0.5− ea)α˙− πb3hcρU0(ea + 0.5)α˙
















































   β˙   		





  	 %	  

 
	     !
 !	 







 α˙ 	 	 
 	%	 





   	  
	   	 
   

 ?	   %
 
	   	 














	   %
   




 	   	 
 	
	 	%	   
% 








 (   )* 
- /1  
 &




   	 	 ()* % 	  	

 	% /
	  	 
	 %  	  ()*   	 +" 






 ;,<  
 	  
	 	
'
!   01	 	 
  
	   !
 	    +	 	  





	 %   
 !





  %  





	  + 	
   		   






    K= %
  
	  










 rpt  % 	 	 
 !




	 	     	 !
 	
 % 





  % 
		  
 	   %


	   !




 	    	
 
' 	%  II !
  %
 









 	   
 

     
  












 	   
	
 	 	  
 !
 	 





"    
   
 	 !






























 ()*  	 
	   	 +  	  !
  











	 α0  
 
 	  
 %
	 	 #/



















  H   ! *  	 /,
% 	 





	 bi D	 
	 

	E 8  
	 
   
 
 
   %
 	
 	  
 .Q #,,B +   	 













	 %   
	 
   
   -






 !	   5
	



















• H∗y D	E 
	 F ∗y,LE D







 		 % 	
H
	 %  
 	4





 	  








  	  C)	 





   5
	

 ;<   
	   !	 

	

















  &	 Cstl 
 		   
	  





 % 	   












,  +  	  
	  

 		 H  α∗0  
  %
	
	  Cstl  	 
 	
 	 
   
   +	  
	  

 α+ 	 
    K	
= 	   
	 
 
   
 
	 	  
      Cstl > 0"  






 αk 		   	
•   
	 ΔCl/Δα|k   	 			  H  	 α∗0  
αk 	
•   
  k 	  
'
	  Cstl   


 	 Cl %	 α
∗
0 
	 αk     

  Npt = 50
	 
 























(αj − α∗0) .
  	   
	  
	 α+  	 %   
 %	
 αk∗ 	 
 	  
' ΔCl/Δα|k 
	 
  αk∗ 	 
  
'
	  k < 0.014
α+ = max
(





   




  +!    K	




  	 	  
    	













 	 	 %   
	 
	   










































	 y1 		   x0 







x0 ≤ x ≤ x1, 
	 y0 ≤ y ≤ y1. D#,@E
	 	
	 








x1 − x0 , D#,,E

	   





y1 + (1− k) y0. D#,E
  





















  &	 







  	  	
	  	 








  	   	
   	  

	  !!! !  
#  & '( (
, $
  )  ! 	 + 




   "$# 	 + 
   
	 
! !  8
  	 +  % 
 
 	  






  	 




  	  
	  

    











 +   





	 ∂Cl/∂α  %  	   
	 %	  
+ 

0 7  !
 !	 









1 9	  	 

 
 %	 +  	  "$ %	 
	   







 	 + 







	   	 !
 !	 







   		 	 
 D 	
	 	  f 

	 		 E %  	 	  	

	 




 	     +  .
  














  	 %	 %

   ""      	
 +  
  %  	   

	
  	 ()*
  ,-( . 
  	    	   7*88 +   )  ! 	  

 





















       
 	 

































•   	 + 
 0 	4 ,	  

 ;<" *" /*" 0* 8 
 	








   	 !1   	
   J

 ,B@  G ,B@ 
 	  + 
	 
 
  % 

•  	  	   ! %
 	  % 

 	  









8   
 '! D
E 	 	   









•   	 + 
 1 	 
	H 
 	 
% *,   + 
 	 
 	





•   1  , D
E 
 	 	    
 	 	 
! 
 
	  	    	' J























  % 
    	
	   ,B@ G,B@

































	    0I 
	 G1@
• 8  !1# !  	 	  	 +  
 %  !

!	 
  @@  	 







  @@   @@ !
 !	 






	 	   	
   	 	
• 8  	 
 	  







 	  ,@ DE   
A 
  	   !





















 	   !
 !	 	 





  		 	
 %
 
 	 	 	 
	 %  




,  / 0 1

 ;< 
 β ΔCstl ΔCd ΔCm
8	 G  G
 0, 8 -  "
  	  





3     	
  
 1
   + 	
 %  

	 	









  %  
 	 %   

	












	 7*88 + 
	H 
 4
• . ,   	
• .    	




	E 		  
 	 
  	 
!
 !	  H4 α0
• . 0   	
• . 1 5
	   













  	  




• . 3   	
• . > 5
	   











 α0  

	  ±1 	
 !
 !	   
 + %   	  
#	 	 	
+
• . B   	
• . I N  
 	%   	 

 	














 !	   	 
 	 	 
% *   
  
 4 
  	  
  ,B@
 G,B@    ,    !
 !	   0I  G1@  ,
	    !






   K= D 
	 
 
 	  
  !












 	 	  	 
 
 	   	  
'

 	  	
8  	 %	 
    ""  	  	  ,> 
  " 
 	 +  % 
  %   




	   	 %	 
    ""  %  
,  / 0 1 3 > B

 ;< 




l Cd ΔCm f 	
 0, "    
      
  3 	
 % <8   ?%="1      
   
	
 	   	 





Risø DTU is the National Laboratory for Sustainable Energy. Our research focuses on 
development of energy technologies and systems with minimal effect on climate, and 
contributes to innovation, education and policy. Risø has large experimental facilities 




National Laboratory for Sustainable Energy 
Technical University of Denmark 
 
Frederiksborgvej 399 
PO Box 49 
DK-4000 Roskilde 
Denmark 
Phone +45 4677 4677 
Fax +45 4677 5688 
 
www.risoe.dtu.dk 
 
 
 
